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INTRODUCTION
The occurrence of a cyclic hydroxamate in maize was first reported in 1959; however, the biological significance of the. The research conducted and reported in this dissertation was conducted in order to identify a precursor to the maize cyclic hydroxamates and related compounds and to elucidate the role of the maize cyclic hydroxamates in the ^ vitro detoxification of simazine. The maize cyclic hydroxamates considered herein are 2,4-dihydroxy-7-methoxy-l,4(2H)-benzoxazin-3-one (DIHBOA) and 2-0-glucosyl-4-hydroxy-7-niethoxy-l,4(2H)-benzoxazin-3-one (D1MBOA glucoside); and, the related compounds are 2-hydroxy-7-methoxyl,4(2H)-benzoxazin-3-one (HMBOA) and 2-0-glucosyl-7-methoxy-l,4(2H) benzoxazin-3-one (HMBOA glucoside).
REVIEW OF LITERATURE
In 1956, Virtanen £t al. (l) reported the isolation of 6-methoxy-2(3)-henzoxazolinone (6MB0A) from wheat and maize. It was later reported that 6MBOA is not a constituent of the plants in vivo but is derived from DIMBOA glucoside during the isolation procedures (2).. Virtanen and Wahlroos. (3) . suggested that when the plant tissue is disrupted a glucosidase is released which hydrolyzes the glucoside to form glucose and DIMBOA. The DIMBOA decomposes to yield formic acid and 6MB0A (4) . The reaction is represented schematically:
A compound related to 6MB0A v;as reported isolated from rye seed lings by Virtanen and Kietala (5)• The compound was 2(5)-benzoxazolinone which led to the later isolation of the 2-0-glucosyl-4-hydroxy-l,4(2H)-benzoxazin-3-one and its aglucone DIBOA (6, 7) .
Although hydroxamic acids are relatively common in micro organisms. . (8, 9) , their presence in higher plants appears to be rather limited (2, 6, ?)• However, interest in their significance in higher plants has grown from reports relating the hydroxamic acid content to resistance of: 1. wheat to stem rust (10); 2. maize strains to stalk rot (11) Anthranilic acid appears to be the only primary aromatic amine in the shikimic acid pathway (19) . J. A. DeMoss (20) proposed that chorismic acid is converted to anthranilic acid by a single enzyme, "anthranilate synthetase", in Neurospora crassa.
Others have suggested the possible involvement of an isolatable N-acyl anthranilic acid intermediate between chorisraic acid and anthranilic acid (21, 22) , but none has been isolated and identified. With this is mind, the production of anthranilic acid or its immediate precursors remains the first enzymatic step specific for the biosynthesis of tryptophan.
Anthranilic acid is a substrate, required for the production of biological materials other than tryptophan. Anthranilic acid hydroxylase from the leaves.of Tecoma stans (23) converts anthrax nilic acid to 3-hydroxyanthranilic acid and two moles of this product are used in an oxidative dimerization catalyzed by cinnabarinic acid synthase to yield cinnabarinic acid (24) . Anthranilic acid oxidase-was also isolated from the same source (25) and the multienzyme system catalyzes:, anthranilic acid -> 3-hydr.oxy anthranilic acid -> o-aminophenol -> catechol. The oxidative dimerization catalyzed by isophenoxazine synthase (26) involves the oxidation of o-aminophenol to o-quinoneimine and the subsequent condensation of o-quinoneimine and o-aminophenol re sulting in the biosynthesis of isophenoxazine.
MATERIALS AND METHODS
All chemicals used were reagent grade unless otherwise speci fied. Microscope slides (2.5 cm x 7.6 cm) coated with silica gel (Brinkman Instruments, Inc., Westbury, N. Y.) to a thickness of 250
were used for micro thin-layer chromatography. 20 cm x 20 cm glass plates coated with silica gel to a thickness of 500 n were used for preparative thin-layer chromatography. Vftiatman
No. 1 paper was used for paper chromatography. The following chromatographic solvents were used; 1. 
Kax. (H^O) = 5^®
The ultraviolet spectra of DIMBOA, DIMBOA glucoside and hydroxysimazine in aqueous solutions (at room temperature) were recorded over a pH range of 2.4 to 9.2 using the Cary-Datex SDS-1. data recording system at 2 nm intervals for use in computer cal culation of the pK^ of the compounds and plotting of spectra of the individual ionic species (30) . The pK^ for DIMBOA (6.95) and "impure" DIMBOA glucoside (6, 40) and k,S% of the theoretical yield on the basis of weight and radiol4 activity respectively. Some of the 1-C -anthranilic acid was dis solved in water, the concentration v/as determined spectrophotometrically, the radioactivity of an aliquot was measured; and, the specific activity (152 .picuries/mmole) was determined. which is considered a nonphytotoxic compound (l6). The ringlabelled C -hydroxysimazine used as a standard was obtained by shaking the labelled simazine (I82 /xg) dissolved in chloroform (2 ml), containing concentrated hydrochloric acid (0,2 ml) for 12
hours at 37°C. The chloroform solution was extracted with water (4 ml) and the aqueous solution was evaporated to dryness in.vacuo.
To the residue was added 100 jul of 95% ethanol and this was used l4 as the C -hydroxysimazine standard. The radiochemical purity of the simazine and hydroxysimazine was checked by chromatographing the two samples on Whatman No. 1 paper using solvent C (I6). The radioactive spots were located by radioautography and they were cut out and counted in scintillation vials containing 17 ml of dioxane scintillator (3^). All of the detectable radioactivity for the simazine sample v/as present at the expected for sima zine (16) and better than 97% of the radioactivity for the hydroxy simazine sample was present at the expected for hydroxysimazine The results of the simazine incubation with different amounts of DIMBOA are shov/n in Table 1. 14 Another incubation of C -simazine was carried out with 10 ;iM simazine (1 ml) at different hydrogen ion concentrations. The pH of each solution v^as adjusted using dilute hydrochloric acid and ^Simazine control (1:0) corrected to 100% recovery of simazine.
dilute sodium hydroxide. The pH of each incubation mixture was measured before and after the incubation. After incubation for 4 hours at 37°C the samples were treated as described in the previous paragraph; however, only three radioactive spots for each sample were apparent on the paper chroraatograms. The simazine standard (10 mpimoles) was treated in the same manner as the lyophilized samples as a control on the isolation procedure for correction of any detoxification of simazine caused by the isola tion procedure. The results are shown in Table 2 .
Because of the change in pH which occurred during the incuba tion in the previous experiment, the experiment was repeated using 0.1 M citrate buffer in the pH range $.0-5.6 and 0.1 M phosphate buffer in the pH range $.8-6.6. The pH remained constant at this Simazine standard corrected to 100% recovery of simazine. Q Treated the same as the lyophilized incubation mixtures. The values e, E, f and F were different for the citrate and phos phate buffers.
The previous experiment was repeated using more dilute phosphate and citrate buffers (1 mM), so that paper chromato graphy could be used in the isolation procedure. The lyophilized samples were dissolved in 959^ ethanoljQ.l N hydrochloric acid (1:1) Table 4 . ^Treated the same as the lyophilized incubation mixtures.
14
^Contained DIMBOA at a molar ratio of 200:1 (DIMBOA:Simazine).
®This value was rechecked; but, for the amount of simazine recovered and in comparison to the change in the others, it appeared erroneous. scintillator was added to each vial and they were counted. The treatment of the counting data was the same as that described earlier for the isolation procedure involving the chloroform ex traction, and the results are given in Table 5» ct Table 5» Incubation ^Calculations and symbols the same as those for Table 3« ^20 /iM in 0.1 M NaCl-HCl (1 ml); incubated for 3 hours at 37°C.
®2 mM in the incubation mixture.
In an effort to detect a reaction product of DIMBOA in the detoxification of simazine yielding hydroxysimazine, 2 ^moles of I't C -simazine was incubated with 4 /imoles of DIMBOA in 2 ml of water. A control contained 4 ^moles of DIMBOA in 2 ml of water. The extent of the detoxification of simazine was checked using the chloroform extraction procedure described in the previous para graph using the same correction values, A maximum of 9% of the siraazine was recovered at the end of this incubation experiment, since the counts in the aqueous extract (hydroxysimazine) ex ceeded the resolution of the counter (approximately 10^ cpm) by a factor greater than 2.
SUMMARY AND DISCUSSION
The objectives of this research were to identify precursors to the cyclic hydroxaraates of maize and to elucidate the role of these cyclic hydroxaraates in the in vitro detoxification of siraa zine.
The isolation of HMBOA and its glucoside in this laboratory (37) was done without knowledge of the nearly simultaneous iso lation of HMBOA glucoside by H, E. Gahagan and R. 0. Muraraa (38) . hours (380 mptouries/mmole) and using this value in determining the dilution factor (400), the value ^14 would be 60 ^tmoles.
Reimann and Byerrum (17) In addition to establishing anthranilic acid as a precursor 14 to DIMBOA, the C -feeding.experiments were an attempt to estab lish a product-precursor relationship between DIMBOA and HMBOA.
If the precursors equilibrate-with their pools prior to being altered in the biosynthetic processes and if there are no alter nate pathways for the biosynthesis of the product which circumvent the labelled precursor and utilize the labelled compound which was fed, the specific activity of the precursor will reach its maxi mum prior to the same for the product which will not attain a specific activity higher than the precursor. The results of the suits of the fifth experiment (Table 4 ) substantiated these con clusions using the paper chromatographic separation which was applicable, since 1 mI4 buffers were used in the experiment instead of the 100 mM buffers used in the previous experiment. Since the presence of the nitrogen-hydroxyl hydrogen of DIMBOA was signif icant, a somewhat analogous compound anisic acid (p-raethoxybenzoic acid) was tested for its activity and it v;as inactive under condi tions where only 3'^% of the siraazine was recovered when incubated with DIMBOA (Table 5) 
